This paper d e s c r i b e s t h e design of a computer program which w i l l read a source program w r i t t e n i n a b b r e v i a t e d t e s t language f o r a l l systems (ATLAS) and f u r n i s h a l i s t of resources r e q u i r e d by t h e ATLAS program t o s u c c e s s f u l l y conduct a t e s t . These r e s o u r c e s i n c l u d e s p e c i f i c a t i o n requirements of t e s t equipment used t o g e n e r a t e o r t o sense test s i g n a l s and impedance load requirements needed f o r t h e u n i t under t e s t . This design u s e s high l e v e l d a t a flow a n a l y s i s of ATLAS (IEEE STC 416-1976) source code t o determine t h e r e q u i r e d r e s o u r c e s of an ATLAS program. c a p a c i t a n c e , an inductance, o r some combination of each.
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T e s t i n s t r u m e n t s i n c l u d e sources which g e n e r a t e s i g n a l s i n t o t h e UUT and s e n s o r s which INTRODUCTION measure s i g n a l s from t h e UUT. The ATLAS program uses t h e computer t o c o n t r o l t h e a d a p t e r , l o a d s , and t e s t i n s t r u m e n t s during a t e s t . This gram c a l l e d a r e s o u r c e a l l o c a t i o n a n a l y z e r f o r p r e s e n t a t i o n r e f e r s t o l o a d s and t e s t i n s t r u m e n t s , a v i o n i c s t e s t programs which are w r i t t e n i n ATLAS (Abbreviated T e s t Language f o r A l l Systems) This p r e s e n t a t i o n d e s c r i b e s a computer prosources and as resources' a s defined i n IEEE STD 416-1976.
ATLAS i s a high o r d e r language used t o c o n t r o l automatic test equipment (ATE). Maintenance personnel o f t e n use ATE t o test and checkout complex systems such a s a v i o n i c s o r r a d a r f i r e c o n t r o l sys t e m s .
A system o r p a r t of a system t o be t e s t e d i s o f t e n r e f e r e n c e d a s t h e u n i t under t e s t , o r UUT. During a t e s t , t h e UUT r e q u i r e s s i g n a l sources w i t h c r i t i c a l c h a r a c t e r i s t i c s a t t a c h e d t o some of i t s connector p i n s w h i l e UUT generated s i g n a l s are measured from o t h e r connector p i n s . An ATE c o n f i g u r a t i o n shown i n FIG 1 c o n s i s t s of a n a d a p t e r , v a r i o u s l o a d s , t e s t i n s t r u m e n t s , and a computer. The UUT i s connected t o t h e ATE c o n f i g u r a t i o n through a n a d a p t e r . The a d a p t e r s e l e c t s connector p i n s c a l l e d f o r by t h e ATLAS program. Loads a r e used t o s a t i s f y c e r t a i n l o a d requirements r e q u i r e d by t h e UUT on some of i t s connector p i n s . A l o a d may i n c l u d e a r e s i s t a n c e , a U.S. Government work not protected by U.S. Copyright.
NEED FOR THIS PROGRAM
When ATE i s being c o n s t r u c t e d and test programs a r e being developed many problems are encountered during t h e p r o c e s s . Early i n t h e program t h e r e i s a need t o d e f i n e t h e ATE hardware s o design and development can begin i n o r d e r t h a t t h e equipment can be d e l i v e r e d concurrent w i t h t h e f i r s t a i r c r a f t . This r e q u i r e s t h a t test parameters and test times f o r a l l Line Replaceable Units (LRUs) be defined and s t u d i e d s o t h a t tradeo f f s can be conducted t o determine s t a t i o n configu r a t i o n s and l o a d i n g s . By f i r s t determining LRU t e s t parameters (maximum o r minimums) and then grouping similar requirements combined w i t h compatible test times an optimum test s t a t i o n c o n f i g u r a t i o n t h a t i s c o s t e f f e c t i v e can be d e r i v e d . The s t a t i o n s are then b u i l t and t h e software w r i t t e n . The problem a r r i v e s when t h e d e t a i l e d program i s f i r s t p u t on t h e s t a t i o n . Because LRU t e s t requirements were based on b e s t d a t a a t t h e t i m e and included o n l y maximum requirements, i t i s p o s s i b l e t h a t f u l l d a t a was i n e r r o r o r incomplete a t t h e time. An example might be where a requirement e x i s t s f o r a power supply of 2 v o l t s a t 28 amperes and another power i n p u t was 1.6 v o l t s a t .5 amperes. The need f o r t h e 2 s u p p l i e s w a s f o r e s e e n b u t when t h e programmer c a l l e d f o r t h e f i r s t connection of 1 . 6 v o l t s a t .5 amperes t h e T e s t S t a t i o n assigned t h e 2 v o l t , 28 amp supply because i t d i d n ' t know t h e next s t e p was going t o r e q u i r e t h e o t h e r supply. The r e s o u r c e a n a l y z e r w i l l c a t c h a l l requirements, e x t r a c t e d from t h e a c t u a l program and i d e n t i f y o v e r l a p , c o n f l i c t s and o t h e r anomalies. 
Second, t h e programmers may n o t always be aware of t h e e x a c t c o n f i g u r a t i o n of t h e test s t a t i o n t h u s i t is p o s
Third, when items are t o be t e s t e d a t depot l e v e l , i t i s always d e s i r a b l e t o use e x i s t i n g ATE a t t h e depot. When t h e t e s t program i s i n ATLAS, t h e r e s o u r c e a l l o c a t i o n a n a l y z e r can provide a s c r e e n i n g of program requirements f o r comparison w i t h t h e AFLC d a t a bank d e s c r i b i n g t h e ATE r e s o u r c e s . A match would then provide a c o s t e f f e c t i v e way of t e s t i n g t h e u n i t . RESOURCE ACCUMULATION
The d a t a flow a n a l y s i s r o u t i n e performs a depth f i r s t s e a r c h of a flowgraph r e p r e s e n t i n g an ATLAS program. F i g u r e 2 c o n t a i n s examples of such a flowgraph. The nodes, which are c i r c l e s i n t h e flowgraph, r e p r e s e n t s t a r t i n g p o i n t s , end p o i n t s , c o n t r o l s t a t e m e n t s such as c o n d i t i o n a l branches. d e s t i n a t i o n p o i n t s , and o t h e r r e f e r e n c e p o i n t s i n t h e program. Path segments between each node and s u c c e s s o r node i n t h e flowgraph c o n t a i n l e t t e r s which r e p r e s e n t r e s o u r c e s req u i r e d by t h e ATLAS program.
The d a t a flow a n a l y s i s program can t r a v e r s e flowgraphs w i t h p a r a l l e l t a s k s (Figure 2b ) and loops ( F i g u r e 2 c ) . However, when a loop i s d e t e c t e d , t h e r e s o u r c e s r e q u i r e d are based on one t r a v e r s a l of t h a t loop. No a t t e m p t is made t o determine t h e number of times a loop i s executed. I n some c a s e s , a v a r i a b l e which determines t h e number of t i m e s a loop i s executed i s n o t known u n t i l execution t i m e . Two marking v a r i a b l e s are used t o d e t e c t p a r a l l e l t a s k s and loops.
No p a t h i n t h e flowgraph i s t r a v e r s e d more than once. The number of r e s o u r c e s r e q u i r e d by any s e c t i o n of t h e flowgraph i s saved u n t i l t h e depth f i r s t s e a r c h i s completed. This f e a t u r e p r e v e n t s any r e c a l c u l a t i o n of r e s o u r c e s f o r any s e c t i o n of t h e flowgraph which i n v o l v e s p a r a l l e l Both of t h e s e t a b l e s c o n t a i n a s e p a r a t e row f o r each type of r e s o u r c e . For example, t h e number of DC POWER SUPPLIES are c a l c u l a t e d i n a row s e p a r a t e from t h e number of DC YOLTMETERS. F i g u r e 3 shows an example flowgraph w i t h a s e p a r a t e set of t a b l e s f o r each node.
The WORST-PATH t a b l e l o c a t e d a t t h e r o o t of t h e flowgraph c o n t a i n s t h e worst case number of r e s o u r c e s r e q u i r e d by t h e corresponding ATLAS program.
FIGURE 3
DATA STRUCTURES
A v a r i e t y of d a t a s t r u c t u r e s perform t h e following f u n c t i o n s :
1. Save information about s t a t e m e n t s wh e f f e c t r e s o u r c e s .
Detect and d i s t i n g u i s h between
d i f f e k i n d s of r e s o u r c e s . ch e n t 3 . Hold d e t a i l e d r e s o u r c e s p e c i f i c a t i o n s .
. Show t h e e f f e c t s of ATLAS c o n t r o l s t a t ements. F i g u r e shows t h e d a t a s t r u c t u r e s which r e p r e s e n t t h e flowgraph and r e s o u r c e e f f e c t i n g s t a t e m e n t s . Each row i n t h e flowgraph t a b l e r e p r e s e n t s a node i n t h e flowgraph. Included i n each row i s a l i n k e d l i s t of elements. Each element r e p r e s e n t s a p o s s i b l e path t h a t t h e program can t a k e from t h a t node. This l i n k e d l i s t allows any node t o have an unlimited number of p o s s i b l e p a t h s .
Each element i n t h e l i n k e d l i s t c o n t a i n s a s e p a r a t e f i e l d f o r t h e following i t e m s :
The number of s t a t e m e n t s i n t h e p a t h segment r e p r e s e n t e d by t h i s element.
. A p o i n t e r t o t h e r e p r e s e n t e d block of s t a t e m e n t s i n t h e statement t a b l e .
. A p o i n t e r t o t h e son node i n t h i s p a t h .
. A p o i n t e r t o t h e next element of t h e l i n k e d l i s t .
Each block of s t a t e m e n t s i n t h e statement t a b l e r e p r e s e n t s s t a t e m e n t s which a r e l o c a t e d between node producing s t a t e m e n t s i n a program. 
Data s t r u c t u r e s a r e c r e a t e d from t h e ATLAS s o u r c e code by a p a r s e r and a r e used t o d e t e c t and d i s t i n g u i s h between r e s o u r c e s . I n Figure 5 , two d a t a s t r u c t u r e s c a l l e d verb-noun a r r a y s (a)
and (b) a r e c r e a t e d from verbs such as APPLY and nouns such as DC SIGNAL. The verb and noun combination "APPLY, DC SIGNAL" s p e c i f i e s t h a t a s i g n a l source i s r e q u i r e d and a DC POWER SUPPLY must g e n e r a t e t h a t s i g n a l . Therefore t h e r e s o u r c e r e q u i r e d by t h i s example ATLAS statement i s a DC POWER SUPPLY. Verb-noun a r r a y ( a ) c o n t a i n s p o i n t e r s t o r e s o u r c e names i n a l i s t of s t a n d a r d r e s o u r c e s . Verb-noun a r r a y (b) c o n t a i n s p o i n t e r s
STATE MEN1 T A B L E c ? *
Once a r e s o u r c e e f f e c t i n g s t a t e m e n t i n t h e statement t a b l e i s reached during t h e depth f i r s t s e a r c h , t h e following a c t i o n s t a k e p l a c e . The v e r b and noun p o i n t e r s i n t h e p r e s e n t row of t h e s t a t e m e n t t a b l e are used as i n d i c e s t o t h e verb-noun a r r a y ( a ) . The p o i n t e r which is found i n t h e l o c a t i o n designated by t h e DC
SIGNAL i s used t o l o c a t e t h e r e s o u r c e name "DC POWER SUPPLY" a s s o c i a t e d w i t h t h i s verb-noun p a i r .
element of verb-noun a r r a y ( b ) , t h e n a p o i n t e r t o "DC POWER SUPPLY" i n t h e l i s t of s t a n d
d i n t o t h e corresponding verb-noun a r r a y ( b ) . I n t h i s c a s e , t h i s i s t h e f i r s t t i m e t h a t t h i s r e s o u r c e
h a s been used. However, i f t h i s i s n o t t h e f i r s t u s e of t h i s r e s o u r c e , then a l i n k e d l i s t of r e s o u r c e s which have been r e f e r e n c e d by t h i s verb-noun p a i r must be searched. This s e a r c h i s r e q u i r e d t o d i s t i n g u i s h t h i s r e s o u r c e from o t h e r r e s o u r c e s i n g r e a t e r d e t a i l . Other d a t a s t r u c t u r e s need t o be accessed b e f o r e t h i s g r e a t e r d e t a i l i s found. I f a p o i n t e r is a b s e n t i n t h e corresponding USING DETAILED RESOURCE SPECIFICATIONS Additional p o r t i o n s of t h e above ATLAS s t a t ement give information on t h e s p e c i f i c a t i o n s of t h e dc power supply. "VOLTAGE 1OV" means t h a t 10 v o l t s i s r e q u i r e d from t h e dc power supply. shows t h a t t h e d a t a s t r u c t u r e s which c o n t a i n noun modifier and statement c h a r a c t e r i s t i c information. Other noun m o d i f i e r s w i t h t h e i r statement c h a r a c t e r i s t i c s from t h e above ATLAS statement i n c l u d e AC-COMP MAX lOMV and CURRENT MAX 0.2A. This means t h a t t h e power supply should have an AC component no g r e a t e r than 10 m i l l i v o l t s and be a b l e t o supply a maximum c u r r e n t of 0.2 amps. These noun m o d i f i e r s and corresponding statement c h a r a c t e r i s t i c s are i n s e r t e d i n t o t h e d a t a s t r u c t u r e s i n Figure 6 by t h e p a r s e r . A symbol t a b l e c o n t a i n s t h e numerical v a l u e s of t h e statement c h a r a c t e r i st i c s . This i s done t o account f o r t h e e x t e n s i v e d i v e r s i t y of d a t a types allowed i n ATLAS. p o i n t e r s t o r e s o u r c e s which are connected t~ connector p a i r s r e p r e s e n t e d by t h e connector matrix. A column i n t h e resource t a b l e c o n t a i n s a l i n k e d l i s t of resources f o r each connector p i n i n t h e connector m a t r i x which has a connected r e s o u r c e . A p o i n t e r i n s e r t e d i n t o t h e connector m a t r i x is t h e r e s u l t of t h e above example.
FIGURE 7
The above d a t a s t r u c t u r e s are only a p o r t i o n of s e v e r a l d a t a s t r u c t u r e s used by t h e r e s o u r c e a l l o c a t i o n a n a l y z e r . However, t h e i n t e n t of t h i s paper i s t o show enough d a t a s t r u c t u r e s t o i l l u s t r a t e t h e approach taken i n f i n d i n g t h e worst case number of r e s o u r c e s r e q u i r e d by an ATLAS program.
THE PARSER
A p a r s e r r e a d s t h e ATLAS source program and This p a r s e r i s f u r n i s h e s t h e d a t a s t r u c t u r e s t o b e used i n f i n d i n g t h e r e q u i r e d r e s o u r c e s . tester is designed t o t e s t t h e grammar f o r LL (1) by f i n d i n g i t s s e l e c t i o n sets and showing t h a t they are d i s j o i n t . The grammar and s e l e c t i o n sets are used t o design a pushdown machine f o r t h e p a r s e r .
It i s intended t h a t t h e r e s o u r c e a l l o c a t i o n a n a l y z e r w i l l b e w r i t t e n i n P a s c a l and w i l l r e s i d e i n i t i a l l y on t h e CDC6600/Cyber 73. Standard PASCAL w i l l be used t o permit increased t r a n s p o r t a b i l i t y . The program w i l l be a v a i l a b l e f o r t h e u s e of any government c o n t r a c t o r developing t e s t programs i n ATLAS.
